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Recently developed technologies
such as microarray analysis allow re-
searchers to determine the genome-wide
patterns of expressed genes. This infor-
mation provides insight into complex
regulatory networks, enables the identi-
fication of new or underexplored biolog-
ical processes, and implicates genes in
various disease processes (1). While mi-
croarray analysis provides genome-wide
information on relative gene expression,
real-time reverse transcription-PCR
(RT-PCR) provides quantitative infor-
mation by the simultaneous measure-
ment of gene expression in many differ-
ent samples, which makes the technique
especially suitable for research ques-
tions that require the measurement of
expression level changes (2). Compared
to conventional quantification methods
such as Northern blot analysis, RNase
protection assay, or competitive RT-
PCR, real-time RT-PCR analysis has
the advantages of greater speed, higher
throughput, and a higher degree of po-
tential automation (3,4). Nevertheless,
all strategies for mRNA quantification
require accurate, reproducible normal-
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ization. For the correct normalization of
gene expression analysis, various strate-
gies have been applied, such as counting
cells, total RNA quantitation, and rRNA
measurement (3). However, internal
control genes are most frequently used
to normalize mRNA expression in labo-
ratory experiments. The internal control,
usually one of the so-called housekeep-
ing genes (5), should not vary between
the tissues or cells under investigation
or in response to experimental treat-
ment. However, although housekeeping
genes are constant in certain cell types,
they can vary in other types (6,7), par-
ticularly in clinical samples associated
with malignant diseases (5). Thus, the
selection of proper control genes for
clinical patient samples is vital to gene
expression analysis.

In the current study, we used liver
tissues from normal, liver cirrhosis
(LC), and hepatocellular carcinoma
(HCC) patients to examine the expres-
sion patterns of housekeeping genes.
Liver cancer is the third most deadly
cancer worldwide and fifth in the
number of cases (8), but the molecular

mechanisms of hepatocarcinogenesis
are not well understood. Therefore,
the number of studies probing global
gene expression profiles of HCC or
preneoplastic chronic liver disease has
increased exponentially in recent years
(9,10), and the identification of the
optimal internal controls is necessary
for correct gene expression profiling of
liver diseases.

Table 1 describes the 10 common
housekeeping genes and gene-specific
primers that were used. To compare
the expression levels of each house-
keeping gene, we used four different
groups of liver tissues: normal liver
tissues, LC, nontumor LC tissues from
an HCC patient, and carcinoma tissues
from an HCC patient. The expression
level of the 10 internal control genes
was determined by real-time RT-PCR
analysis, with RNAs extracted from
the same amount of 10 different liver
tissue samples. Table 2 shows the ex-
pression level of each tissue sample.
To evaluate the expression stability of
each housekeeping gene between liver
tissues, we used the geNorm program
(3). The geNorm program determines
the most stable housekeeping genes
from a set of tested genes and calcu-
lates the gene expression normalization
factor for all tissue samples, based on
the geometric mean of a user-defined
number of housekeeping genes. The
results are ranked and shown in Table
2. From geNorm analysis, the ubiquitin
C (UBC) gene showed the most stable
expression between 10 liver samples,
with the hydromethyl-bilane synthase
(HMBS) gene a close second. In addi-
tion, the stepwise exclusion of the least
stable gene showed UBC and HMBS as
the most stable genes (data not shown).

Next, we assessed the stability of the
UBC and HMBS genes in 67 additional
normal, LC, nontumor LC tissues from
an HCC patient, and HCC samples. The
stability of these two genes as assessed
by geNorm analysis (M value: 3) was
1.02. Because perfect stable expression
should result in M values of zero, the
geometric mean of the UBC and HMBS
gene results is a very accurate control
for liver tissues, as compared to the
other commonly used housekeeping
genes shown in Table 2. In a study
of 67 liver tissues, analysis using the
geNorm program showed that the UBC
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Table 1. Housekeeping Genes Evaluated and Primer Sequences Used in this Study

Gene Full Name Forward Primer?@ Reverse Primer?

RPL13A Ribosomal protein L13a 5-CCTGGAGGAGAAGAGGAAAGAG-3 5-TTGAGGACCTCTGTGTATTTGTC-3

TUB B-Tubulin 5-TTCCAGCTGACCCACTCTCT-3 5-ACAGGGCCTCGTTATCAATG-3
YWHAZ Tyrosine 3-mono- 5-ACTTTTGGTACATTGTGGCTTCA-3 5-CCGCCAGGACAAACCAGTAT-
oxygenase/tryptophan

5-monooxygenase activation
protein, zeta polypeptide

GAPDH Glyceraldehyde- 5-TGCACCACCAACTGCTTAGC-3 5-GGCATGGACTGTGGTCATGAG-3
3-phosphate
dehydrogenase
B2Mm B-2-Microglobulin 5-TGCTGTCTCCATGTTTGATGTATC-3 5-TCTCTGCTCCCCACCTCTAAG-3
HMBS  Hydromethyl-bilane synthase 5-GGCAATGCGGCTGCAA-3 5-GGGTACCCACGCGAATCAC-3
HPRT1 Hypoxanthine phospho- 5-TGACACTGGCAAAACAATGC-3 5-GGTCCTTTTCACCAGCAAGCT-3
ribosyl-transferase1

ACTB B-Actin 5-CTGGAACGGTGAAGGTGAC-3 5-AAGGGACTTCCTGTAACAATGC-3’
UBC Ubiquitin C 5-CCTGGTGCTCCGTCTTAGAG-3’ 5-TTTCCCAGCAAAGATCAACC-3
CTBP1  C-Terminal binding protein 1 5-TTCACCGTCAAGCAGATGAG-3 5-GGCTAAAGCTGAAGGGTTCC-3

8Primer sequences were modified from Reference 3.

Table 2. Housekeeping Gene Stability Results by RT-PCR

Expression Levels of Genes from Same Amount of Liver Tissues?
(Copy Numbers: 103)

geNorm

Tissues/ 1 2 3 4 5 6 7 8 9 10 Stability
Genes N LC LC LC NT NT NT HCC HCC HCC Result® Rank®
RPL13A 1095 1950 853 69 973 1142 973 927 15064 4048 2.50 5
TUB 12 23 19 100 9 13 10 58  0.001 6 6.13 10
YWHAZ 67 163 72 137 60 261 70 108 323 84 2.87 8
GAPDH 200 490 228 60 212 210 212 781 880 465 243 4
B2Mm 1016 3067 2334 5 1204 2432 1626 3894 805 445 2.60 6
HMBS 3 7 4 0.09 3 4 4 10 4 8 2.18 2
HPRT1 6 9 4 0.01 4 5 3 3 14 7 2.26 3
ACTB 1294 3305 590 2749 1358 788 671 0.001 4169 1594 6.05 9
UBC 431 870 212 16 333 384 466 789 589 310 217 1
CTBP1 3 10 7 0.01 5 6 6 14 15 6 2.69 7

N, normal liver tissues; LC, liver cirrhotic tissues from a cirrhosis patient; NT, nontumor liver cirrhotic tissues from a hepatocellular

carcinoma patient; HCC, carcinoma tissues from a hepatocellular carcinoma patient.

8The expression levels of each gene were obtained using real-time reverse transcription-PCR (RT-PCR) (see Table 3). Same RNA
samples from each tissue were analyzed for 10 different housekeeping gene candidates. Whole samples were analyzed in the
same real-time RT-PCR run with standards for each gene. All experiments were performed twice.

bFor every control gene, the geNorm program determined the pairwise variation, with all other control genes as the standard
deviation of the logarithmically transformed expression ratios. M, the internal control gene-stability measure, was defined as the
average pairwise variation of a particular gene with all other control genes (3).

CGenes with the lowest M values have the most stable expression. Control genes are ranked by their expression stability.
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and HMBS gene pair provides the most
accurate normalization factor for real
time RT-PCR analysis, which suggests
that these housekeeping genes are the
best selection for the future expression
profiling of liver tissues.

No single gene was found to vary
by less than 2-fold across a panel of 60
cell lines on an 8000 feature array (3),
and genes frequently used for normal-
ization, such as GAPDH and B-actin
(ACTB), varied from 7- to 23-fold (6).
In particular, tumor tissues showed
large variations in housekeeping genes
commonly used for normalization
(5,7). Taken together, these results
suggest that the ideal and universal
normalization genes may not exist and
indicate that researchers should search
for stably expressed genes specific to
each experimental system. Because
studies in the global gene expression
of liver disease have quickly provided
rich information and some additional
clues to the genesis of liver cancer,
this study provides useful information
to researchers for selecting a pair of
common housekeeping genes for use in
malignant liver disease studies.
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